Abstract. This paper describes a voice sensor, suitable for modular robotic systems, which estimates the energy and fundamental frequency, F0, of the user's voice. Through a number of example applications and tests with children, we observe how the voice sensor facilitates playful interaction between children and two different robot configurations. In future work, we will investigate if such a system can motivate children to improve voice control and explore how to extend the sensor to detect emotions in the user's voice.
Introduction
We are developing the Fable modular robotic system to enable and motivate non-expert users to assemble and program their own robots from user-friendly building blocks [9] . A user assembles a robot by connecting several robotic modules together where each module provides functionality to perform a specific task, such as identifying users, characterizing the environment, moving, or manipulating its surroundings. In this paper we describe the development of a voice sensor for the Fable system that is able to measure different features (energy and F 0 ) of the user's voice (in particular children's). Our objectives with developing this sensor include the following:
1. Facilitate playful interaction between robots and users. 2. Enable users to create their own voice enabled robot applications. 3. Motivate users to improve the control of their voice (e.g., pitch and voice level).
In this paper, we focus on the first objective by demonstrating four applications that use the voice sensor to create games and playful interaction with the Fable system (see Fig. 1 ). In future work we will address the other two objectives by integrating the voice sensor and our programming tool-kit to enable the users to also program their own applications. As well, we plan to extend the sensor functionality to detect emotion in children's voices. User testing with two Fable robots controlled using the voice sensor (voice energy and F0 sensing). The humanoid has controllable arms and the quadruped has controllable locomotion.
Related Work
As the name implies, modular robotic systems consist of open-ended modules that can be combined in different ways to form a variety of different configurations [18, 19] . Our approach to designing modular playware [7] combines modular robotics with the concept of construction toys (such as LEGO) to facilitate playful creativity and learning. Examples of modular robotic playware include the Topobo system which enables the user to record and playback motor sequences using programming-by-demonstration [11] and the roBlocks (now Cubelets) which utilizes a programming-by-building strategy where the behavior emerges from the interaction of the modules with each other and their environment [15] . Similarly, LEGO Mindstorms, LEGO WeDo, and PicoCricket [13] are robotic construction kits that enable direct-user-programming of actuated and sensing models. In some ways, our Fable system is similar to these examples and is also influenced by Papert's learning theory of constructionism [10] . Our aim is to enable everyone to become a robot designer and encourage them to imagine, create, play, share and reflect (i.e., the kindergarten approach to learning [12] ). We hypothesize that by enabling the creation of socially interactive robots, we can motivate a wider range of users to participate in this activity. In order to create these robots, we must develop sensors that can reliably interpret human communication. While, much research has been dedicated to machine recognition of human communication (e.g., [6] ) and its applications to social robots (e.g., [2, 3, 14, 17] ), our approach is to simplify the sensor design by limiting the detection to simple units of communication (e.g, gestures) . Previous work along these lines to
